INTRODUCTION
============

Irritable bowel syndrome (IBS) is characterized by chronic abdominal pain and an alteration in bowel habits (diarrhea and/or constipation).[@B1] It is one of the most frequent digestive tract disorders encountered by general practitioners and gastroenterologists. The underlying pathophysiological mechanisms of abdominal pain and chronic symptoms in IBS are still unclear.[@B2] There are a number of factors involved therein, including the enteric nervous system, inflammatory processes, diet, and microbiota. Some patients with diarrhea-predominant IBS exhibit increased intestinal permeability or low-grade inflammation.[@B3][@B4] Some patients with IBS experience enhanced responses to distension of the gut lumen or visceral hypersensitivity, accounting for symptoms of urgency, bloating, and abdominal pain.[@B5] In response to a triggering event, such as inflammation, trauma, or environmental stress, the primary visceral afferents to the gut become sensitized, leading to chronic visceral pain in IBS patients.[@B6] Although visceral hypersensitivity is a major cause of IBS, the mechanism of visceral hypersensitivity in IBS is still unclear.

MicroRNAs (miRNAs) were first identified in 1993 as small, endogenous, and approximately 21--23 nucleotide long non-coding RNAs that had the capacity for gene regulation after transcription.[@B7] MiRNAs have emerged as regulators involved in biological functions, such as cellular development, differentiation, proliferation, apoptosis, and metabolism, and were shown to take part in a number of chronic disease processes, including gastrointestinal disorders.[@B8] Research has shown unique miRNA present both in circulating blood microvesicles and colonic biopsies of IBS patients with diarrhea and increased intestinal permeability.[@B9] Another study[@B10] showed that miR-24 plays a role in the pathogenesis of IBS by regulating SERT expression. Hsa-miR-150 has been reported to be associated with inflammatory bowel disorders and pain and to interact with a protein kinase and inflammatory pathways. Hsa-miR-342-3p was reported to interact with mRNAs involved in pain signaling, colonic motility, and smooth muscle function.[@B11] Therefore, miRNAs appear to play an important role in IBS. However, studies in the literature have only involved one or two miRNAs. Through literature search, we gathered statistics about differentially expressed miRNAs in intestinal mucosal tissues and cells in regards to intestinal mucosal barrier injury, intestinal inflammation, gastrointestinal cancer, and inflammatory bowel disease. Therefrom, we choose 21 miRNAs in rats as study targets: let-7f, let-7i, miR-21, miR-23a, miR-23b, miR-24, miR-29a, miR-31a, miR-122-5p, miR-130b, miR-132, miR-143, miR-145, miR-146a, miR-192, miR-199a, miR-200b, miR-217, miR-221, miR-223, and miR-375.[@B6][@B12][@B13][@B14][@B15][@B16][@B17][@B18][@B19][@B20][@B21][@B22]

Tongxieyaofang, a classical prescription in traditional Chinese medicine, is composed of white atractylodes rhizome, white peony root, dried old orange peel, and Ledebouriella root. It has been widely used in the treatment of diarrhea. However, the complete mechanism of the use of Tongxieyaofang in the treatment of IBS has not been fully described.

The purpose of this study was to screen the different expression of miRNAs in the colons of rats using liquid chip technology and reverse transcription-PCR and to build expression profiles of colonic mucosal miRNA in visceral hypersensitivity in rats. Additionally, changes of the expression of miRNAs were evaluated to determine the mechanism of action for Tongxieyaofang in the treatment of IBS.

MATERIALS AND METHODS
=====================

Subjects
--------

Forty adult female Sprague-Dawley rats, weighing 210±10 g, were provided by the Animal Experiment Center of Zhejiang Traditional Chinese Medical University (Hangzhou, China). The rats were fed in the experimental animal center (24±2℃; humidity, 55±5%; noise \<50 dB; and light/dark cycle, 12/12 hours). The rats were divided into four groups, with 10 rats in each group: control group, model group, treatment control group (normal saline), and Tongxieyaofang group.

Experimental procedure and method
---------------------------------

### Sectionalization

#### Control group

The rats were fed normally for 2 weeks, and then, we observed their state and evaluated their visceral sensitivity by abdominal withdraw reaction.

#### Model group

Camphor ball odor was used as a conditioned stimulus while maintaining a rectal distention pressure \>60 mm Hg (1 mm Hg=0.133 kPa); extremities constraint was used as unconditioned stimulus. The extremities and trunk of the rats were fixed for 45 min in the camphor ball cage. Meanwhile, a catheter was inserted into the rectum of rats, and there was about 1 cm from the distal end of the air bladder to anus. We fixed the catheter at the root of each rat\'s tail. Rectal dilatation was performed by intermittent aeration with 1.6 mL (hydrostatic pressure \>60 mm Hg) for 60 seconds, spaced 3 minutes apart, and repeated 10 times. This stress process was performed on the first, second, and fifth day. On the fourth, sixth, and eighth day, the conditioned stimulus was performed. The rats were fed normally on the third and seventh day. Then, we evaluated visceral sensitivity by abdominal withdraw reaction.

#### Treatment control group

After confirmation of the success of modeling, the rats were fed with saline 4 g/kg/day a month.

#### Tongxieyaofang group

The rats were fed with Tongxieyaofang 4 g/kg/day a month (Tongxieyaofang: baizhu 15 g, baishao 12 g, fangfeng 10 g, chenpi 6 g).

### Model authentication

We evaluated the visceral sensitivity by abdominal withdraw reaction. To do so, an 8F urethral catheter lubricated by liquid paraffin was inserted through the rectum. There was about 1 cm from the distal end of the air bladder to anus, and the urethral catheter was fixed at the root of the tail. The rats were placed on the platform, and after they adapted to the environment, we gradually injected water into the sacrum and recorded the amount of water injected when the rats lifted their abdomen and bent their back. Rectal dilatation lasted for 30 seconds at a time and was repeated three times. The average of the three value was recorded.

### Experimental sample

A part of the colon was removed and placed in oxygenated Tyrol\'s solution after laparotomy incision. Then, a 2-cm segment of the colon was placed in a 10-mL vessel containing Tyrode\'s solution, which was filled with 95% O~2~ and 5% CO~2~, and maintained at temperature of 37℃.

### Experimental procedure

According to published studies, the 21 miRNAs we tested were confirmed to be related to intestinal disease, including miR-23a, miR-23b, miR-122-5p, miR-143, mir-145, miR-146a, miR-199a, miR-200b, miR-217, let-7f, let-7i, miR-130b, miR-29a, miR-132, miR-21, miR-375, miR-24, miR-31a, miR-192, miR-221, and miR-223. We conducted primer test and sample test after the total RNA was prepared. After that, we performed reverse transcription. We prepared the PCR reaction plate after creating and establishing a plate document, ran the PCR reaction plate, and then analyzed the results. The main steps were as follows: High throughput sequencing was performed on individual samples. Using the one-step method, total RNA was extracted from by TRIzol (Invitrogen, Gaithersburg, MD, USA). RNA concentrations were analyzed using Nanodrop (Nanodrop Technologies, Wilmington, DE, USA) after purification, and quality testing was conducted using BioAnalyzer (Agilent Technologies, Palo Alto, CA, USA). The small RNA was purified from the total RNA, and the molecules within the range of 16--30 nt were enriched. Then, the 3\' and 5\' sequences were attached, and cDNA was synthesized by Superscript II reverse transcriptase. Finally, PCR amplification was performed.

### Statistical analysis

Data are presented as mean±standard deviation. Mean numbers were compared using t tests in SPSS software. Significance was set at *p*\<0.05.

RESULTS
=======

Model change
------------

The behavior and stools of the rats showed no change after completing the models. When the model rats were frightened or underwent intragastric administration, they experienced an excessive reaction.

Model authentication
--------------------

The rectum affusion amount of the rats in the model group (0.77±0.08 mL) was lower than that in the control group (1.52±0.09 mL), and the difference was significant (*p*\<0.01). Thus, the sensitivity of model rats was higher, suggesting that model building method was successful.

The screening of microRNAs in colons of IBS rats
------------------------------------------------

[Fig. 1](#F1){ref-type="fig"} shows a heat map of the expression of the 21 miRNAs. The expression of miR-23a, miR-23b, miR-122-5p, miR-143, mir-145, miR-146a, miR-199a, miR-200b, and miR-217 showed no differences between control group and model group ([Table 1](#T1){ref-type="table"}). The expression of let-7f, let-7i, miR-130b, miR-29a, miR-132, miR-21, and miR-375 was up-regulated (*p*\<0.05) ([Table 2](#T2){ref-type="table"}), while the expression of miR-24, miR-31a, miR-192, miR-221, and miR-223 was down-regulated (*p*\<0.05) ([Table 3](#T3){ref-type="table"}) in the colons of IBS rats. After treatment with Tongxieyaofang, the expression of let-7f, let-7i, miR-130b, miR-29a, miR-132, miR-21, and miR-375 was lower, compared with the treatment control group (*p*\<0.05) ([Table 4](#T4){ref-type="table"}), while the expression of miR-24, miR-31a, miR-192, miR-221, and miR-223 was higher (*p*\<0.05) ([Table 5](#T5){ref-type="table"}).

DISCUSSION
==========

IBS is recognized as one of the most common disorders among functional gastrointestinal disorders, and the main symptoms of this functional disease are abdominal pain and stool irregularities.[@B23] IBS appears to affect up to 20% of the population in the Western world at any given time.[@B24] The median value of IBS prevalence in Asian countries ranges 6.5--10.1%.[@B25] The pathogenesis of IBS is mainly focused on the following aspects: motility disorders, altered visceral sensitivity and pain processing, increased mucosal permeability, altered microbiota, and low grade inflammation.[@B26] Visceral hypersensitivity has been an important role in the pathogenesis of IBS. Therapy for IBS is primarily targeted at treating the symptoms experientially[@B1]; nonetheless, symptom treatment has shown limited success and cannot be effective for long-term management.

Another factor likely involved in the mechanisms of IBS is miRNA. MiRNAs were identified as small, endogenous, non-coding RNAs that have the capacity for gene regulation after transcription.[@B27] Several studies have indicated that miRNAs can be used as a marker in the diagnosis of gastrointestinal diseases, and in patients who have IBS, miRNAs expression is altered in colonic tissue. These miRNAs regulate intestinal pathways that result in epigenetic and genetic events.[@B5] In our study, we found that the expression of let-7f, let-7i, miR-130b, miR-29a, miR-132, miR-21, and miR-375 was higher in visceral hypersensitivity model rats. A previous study showed the let-7 family played a key role in the progression of atherosclerosis and intracranial aneurysm.[@B28] Also, miRNA let-7i was found to regulate dendritic cell maturation targeting interleukin (IL)-10 via the Janus kinase 1-signal transducer.[@B29] Another study[@B30] reported let-7f-miRNA negatively regulates hepatic differentiation of human adipose tissue-derived stem cells. Moreover, one study[@B31] reported that an increased number of dendritic cells in the colon stimulated CD4(+) T cells to secrete high levels of IL-4, which led to the activation of dendritic cells and subsequently resulted in visceral hypersensitivity. With the high expression of let-7f and let-7i, we speculate that the mechanism of IBS is connected with dendritic cells and regulation of let-7 gene family. Rieger, et al.[@B32] reported that the increased miR-130b expression is a potential negative regulator of drug metabolism by directly and/or indirectly affecting the expression of several ADME genes that may be relative to pathophysiologic conditions, such as cholestasis and inflammation, which are associated with increased miR-130b expression. Therefore, we deduced IBS involving infection may be regulated directly and/or indirectly via miR-130b. It has been reported that miR-29a regulates both glutamine synthetase and intestinal membrane permeability in IBS patients.[@B9] It was reported that a change in the balance of miR-132 and Ctbp2 interaction, as part of the larger developmental program, is involved in the transition from embryonic to larval spinal cord by gradually driving the switch in Notch output and radial glial progenitor fate.[@B33] As one of the mechanisms in IBS is brain-gut axis, we suspect miR-132 plays an important role in the spinal cord of IBS rats. MiR-21 was found to be involved in the regulation of intestinal epithelial barrier function.[@B34] MiR-375 was reported to play an important role in colon cancer,[@B35] although the correlation between miR-375 and IBS should be studied in the future. On the contrary, we found the expression of miR-24, miR-31a, miR-192, miR-221, and miR-223 was lower in IBS rats. MiR-24 is reported to play a role in the pathogenesis of IBS, probably through regulating SERT expression.[@B10] There is no study about miR-31a, miR-192, miR-221, and miR-223 in IBS.

Tongxieyaofang is a traditional and classical Chinese medical prescription in the treatment of diarrhea. A systematic review reported evidence indicating the potential usefulness thereof for IBS patients.[@B36] Studies demonstrated that Tongxieyaofang had a significant analgesic effect on IBS[@B37][@B38] In our study, after treatment with Tongxieyaofang, the expression of let-7f, let-7i, miR-130b, miR-29a, miR-132, miR-21, and miR-375 was lower than that in the control group treated with saline, while the expression of miR-24, miR-31a, miR-192, miR-221, and miR-223 was higher. These results indicated that miRNAs are involved in the mechanism of visceral hypersensitivity and are connected with treatment, such that they might be targets for treating IBS. However, further studies are needed to explain the specific mechanism of the treatment of Tongxieyaofang in IBS.

In conclusion, miRNAs play a pivotal role in the mechanism of visceral hypersensitivity and might be targets for treating IBS. Tongxieyaofang elicited differential expression of multiple miRNAs in visceral hypersensitivity rats. Further studies will need to be done to detect the interacting mechanism of miRNAs in IBS patients and to build expression profiles of miRNAs of use in diagnosis and treatment of IBS.
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###### miRNA Showed No Differences in Visceral Hypersensitivity Rats in the Model Group

![](ymj-59-945-i001)

  miRNA        Control group       Model group         *p* value
  ------------ ------------------- ------------------- -----------
  miR-23a      1.186216±0.746920   1.342776±1.907992   0.74
  miR-23b      1.463480±1.181118   1.086574±0.978405   0.43
  miR-122-5p   1.049593±0.337636   1.524655±0.961567   0.23
  miR-143      1.080353±0.418809   0.703551±0.279119   0.09
  miR-145      1.265923±0.929808   1.189346±0.519246   0.85
  miR-146a     1.064519±0.408883   1.444362±0.575106   0.21
  miR-199a     1.023113±0.233952   0.767579±0.359360   0.21
  miR-200b     1.421143±1.645433   1.396620±1.165539   0.97
  miR-217      1.206682±0.689292   1.415683±1.454831   0.73

Data are presented as mean±standard deviation.

###### Up-Regulated miRNA in the Colons of Visceral Hypersensitivity Rats in the Model Group

![](ymj-59-945-i002)

  miRNA      Control group       Model group             *p* value
  ---------- ------------------- ----------------------- -----------
  let-7f     0.557218±0.244654   0.983741±0.396690^\*^   0.044
  let-7i     0.905854±0.178731   1.227699±0.292567^\*^   0.013
  miR-130b   0.951067±0.440120   1.813583±0.837104^\*^   0.016
  miR-29a    1.068619±0.546286   4.430274±3.190996^\*^   0.014
  miR-132    0.904602±0.328169   1.806986±0.720024^\*^   0.021
  miR-21     1.164991±0.516085   2.622452±1.907169^\*^   0.038
  miR-375    1.497405±1.776387   4.382196±2.446606^\*^   0.030

Data are presented as mean±standard deviation.

^\*^There were significant differences between the control group and model group *p*\<0.05.

###### Down-Regulated miRNA in the Colons of Visceral Hypersensitivity Rats in the Model Group

![](ymj-59-945-i003)

  miRNA     Control group       Model group             *p* value
  --------- ------------------- ----------------------- -----------
  miR-24    1.657129±0.252004   1.118918±0.531228^\*^   0.039
  miR-31a   1.699479±0.421401   1.157725±0.375905^\*^   0.032
  miR-192   1.305757±0.421422   0.913020±0.271000^\*^   0.035
  miR-221   1.834297±1.215806   0.565145±0.221083^\*^   0.039
  miR-223   1.582785±0.523852   1.007754±0.317776^\*^   0.027

Data are presented as mean±standard deviation.

^\*^There were significant differences between the control group and model group *p*\<0.05.

###### Down-Regulated miRNA in Visceral Hypersensitivity Rats after Tongxieyaofang Treatment

![](ymj-59-945-i004)

  miRNA      Tongxieyaofang group   Treatment control group   *p* value
  ---------- ---------------------- ------------------------- -----------
  let-7f     0.624832±0.252765      2.039951±1.325805^\*^     0.014
  let-7i     0.818245±0.314821      3.670016±3.548511^\*^     0.049
  miR-130b   1.489213±0.718712      5.027101±2.927106^\*^     0.009
  miR-29a    1.419807±0.361485      3.093623±1.281624^\*^     0.007
  miR-132    1.020658±0.614320      1.716628±0.399769^\*^     0.049
  miR-21     1.587392±0.262344      4.824301±2.888526^\*^     0.007
  miR-375    1.775175±0.625122      8.400398±4.083607^\*^     0.001

Data are presented as mean±standard deviation.

^\*^There were significant differences between the Tongxieyaofang group and treatment control group *p*\<0.05.

###### Up-Regulated miRNA in Visceral Hypersensitivity Rats after Treatment with Tongxieyaofang

![](ymj-59-945-i005)

  miRNA     Tongxieyaofang group   Treatment control group   *p* value
  --------- ---------------------- ------------------------- -----------
  miR-24    1.499530±0.414471      1.041519±0.454448^\*^     0.033
  miR-31a   1.588488±0.532225      1.015936±0.354551^\*^     0.023
  miR-192   1.580104±0.648640      0.885426±0.315068^\*^     0.039
  miR-221   1.692900±0.640590      1.067391±0.330875^\*^     0.040
  miR-223   1.650185±0.989639      0.833553±0.407927^\*^     0.047

Data are presented as mean±standard deviation.

^\*^There were significant differences between the Tongxieyaofang group and treatment control group *p*\<0.05.
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